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(54) MAGNETIC RECORDING MEDIUM 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a magnetic recording medium for 
keeping good thermal stability and SNR and supporting ultra high-density 
recording. 

SOLUTION: This magnetic recording medium for a data storage device is 
constituted of at least two magnetic recording layers of ferromagnetic 
films, which are adhered to each other in an a ntiferro magnetic manner, 
while interposing a no nferro magnetic spacer film. Magnetic moment of one 
ferromagnetic film works in the direction antiparallel to that of the 
magnetic moment of the other ferromagnetic film. The balanced magnetic 
moment is shown as the difference between Mrt values of two 
ferromagnetic films, when the magnetic moment is shown by net product 
(Mrt) of residual magnetism (Mr) and thickness (t) in the magnetic 
recording layer. The decrease in Mrt is achieved, while the thermal 
stability of the recording medium is not deteriorated, because the volume 
of particles in ferromagnetic films adhered to each other in an 
antiferromagnetic manner is increased constructively. Very sharp 
magnetic transitions can be achieved by the reduced antimagnetic field 
and higher density of the bit lines can be obtained in this medium as a 
result. 
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W?lFtt*«ttH] 

»«±i-fcoT. nwMttii, mi<D&m&Wk± 

coSSati^ t S»«ttW^**il8-§- $ ft S ttftfBM £ 
[f»#*2] »2 05S«tt«±©Sf2«)#3S»tt^^- 

»8tfflKfcR3SHBttWfc:**ilS^3ft3, If ** 1 IStt 

3 ] m 1 ©»«ffiK*sj** t 1 RrfMitM 1 & 
tU $2 0^1Wf$ t 2S«M2?rft > 
HI 1 2 ro5fifiStt^ro*teffi«^ fc "9 cD^m*-^ 

^ h ^Erft-eft (M 1 x t 1 ) (M 2 x t 2 ) ^SV ^ 

[»**4] »iXVff 2 o&«ttWW^— ro*m*»e> 
7£/&£;ft tliU 2^*45, 3 E«l«5»«ia 

liSSfro 

[If #31 5] *l&V»2«53fiBH4JR*s*4SttW*>e> 
jgffcSft, t lsvt 2*s|SKW»-Pl— wffS-e*>5, 

[«*II6] ^^-f-^yUT 1 -'?^ (Ru) . 
(Cr) , ov?r^A (Rh) , -Yy^^A (I r) , ffi 
(Cu) . &TJ^ftk<^&£^tr^u-:ra>biSft£ 
ft**Ti|sh*»b»J*Sft4. 1 K*ro«*lSE»fflt 

fro 

[If*ll7] SU&U^W&S&ttlgl^C o, F e N N 
i, S^ftfsW-g-^Pj^^ftSttilSl-^ej^^ft 
5, If #ij 1 tsmw^lS«^fro 

—y-m t w^ffifcsas $ ft 5 =■ ^vw h a> e, ^ $ ft 5 # 

-^tco#ffitciaB§ft*=./Vu K*»P>Jgj«Sft5l?- 

[If*ill 0] S«-bf-fcoT, SSta^!E#gtco 
IHIK:EBSft££J|*&tr. »*« 1 IB*ro»«E»«t 

fro 

[W*«l 1] «ftEft«±»^j«$ft5«tt^— = 
- h *£tf , If* 1 ! 1 IE*w««ffi««tflE. 
2] 

-VJ* (Ru) „ ^nA (Cr) , ov>^ (Rh) , 
-YUv??^ (Ir).^(Cu), .RtMr ft P> 

^tf^-^bsw^fts^^^fiKu, 8iw^ 

t. ^^-t)g±i^ixt»«iLtf^Jii5l2ro3 



*iaM±fc^J**ft*f*tt*-'< = - h «l 
[If #5 13] ®1 0&ttftfit*S. *sa*«)«t^-Sr 

■C*9, *2«>3ii»tafefltrto?«E«?«*S j e— MSB 

»*&ft5«Krott*;*---* > h twiSWfJ-R»att«J»w 

[»**14] jB2ro»B«4JK±fc-tfti:«ttb-C»fia 
$K5l2(D^lt^^-tit > SB 2 JHK 
±»^*fti»«L-CJ^j«Sft5J|l3«?3ftattJKi:Sr^ 
»2ro^- 9-K0>V$^. «3«J5fi«W4ffll**Sf2 
^«JSr^U-ClB2«5»»tt«| ( !:S»»t4«)t-SE 
m^-rScoi^+^-efo*, lf*ill 2 IBftOttftSBft 

7*-* *^o 

1 5 ] ^ 1 K>»«fflK*SJ9:$ t 1 XO«ftM 1 
SrtL. »2<&#«ffiK#ff$ t 2MSftM2^ 

— * > h^ft-^ft (M 1 x t 1 ) RXl (M2 x t 2) /45 
BVfclifc*, Iff #311 2ia«cC0^IE^r : >^^o 
1 6 ] m 1 &t>*?B 2 ro3S«tt«*S|5l— 

t l*s t 2 5|E*«7>« 

[lf*ill 7] *l&V*2<7?3l«ffiK^»'fe-S«-W*» 

?>^sft, t 2&mv;&}kim— coffs-e*? 

5> Iff #311 SfEtfero^fE^^^^o 
[»jfc*l 8] *l<7?3fi«tt«l*s, IlfflMKi^ 
^— !MWi:«>*E^E«Sft5 3^/u h*»b»J**ixa 
#ffi^^^-tr, W*^l 5 fEicCO^gE^^ ■< 

[»*si9] m2<o$mm&tf. i2©wi4ig^ 

[0 0 0 1 ] 
[0 0 0 2] 

^-C^^^ifw^w^lE^jKfrJi, — flSKc, 

y^tttSilfea/^h-y^ft (CoPt) 
*@#ffm4 7 8 9 5 9 8 5 5 2 3 1 7 3^ 

So 
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[0003] mtsxuBtff^ * 9 n&w&wtmsrtr* 

mte.m<o&mt>m (coercive field) t-ttte&mjj 
(h c ) tfmto-rz. rniiMr t /n c <ovcm<nw.'p\z 

ofcj$S.5 0 Mr t<DWL'P^m^L-t^tit>\Z^ mmm^m 
■C4<4*. 

[0004] r ©sgfl(73)jfft©fc*© i owryn-f 
14, J:9KK4**tt*m (i«^K u ) l:»fft5:i 

f4K u /Mr irfS^bV) jJSt£#<7>aE»^y Ktrj:?) 
»&«>*WS4r*S < *«#-f V He J; <9fflPS$n5o 

m^it (SNR) l:tctlT*-e*5It«!flSLTl> 

So 

[0 0 0 5] 

[JSHtfJittfeLJ: 5 ti-5»H] lot, 
[0 0 0 6] 

[ SrAlifc-r 5 *<£>#&] *I8W»-J;tutf, SS^tfH 

W« (Mr t) 2 offliSttRroM r t ffico^i ft 
So Mr t©roM'>li, 8E»«Efr«3f»*3t14<oiST« 

*8ti!I»Sii5. l *JfE«RJ-Ctt, flMMBflkMEfoj* 2 o 
OT3isS£t£)8l£^ > #*li^Ay^#*$^fcCoP t 
CrB^OtWffct), 2oOCoPtCrBffl 



[0 0 0 7] 

iw^Mfflttt^^—" tr-W= J: 5 . !*»-*-*» ISttffiBlfcK 
»Btt± (AF) WKSE!ftfe'&Sn4 2oEt±ro!Sat«fe« 

iMKl 6<z?ff£.Rtfilfl/£te> 2, 1 

[0008] ftww*mHtm*'*-+m*ftir*&m 
fctm©»***>*fc*»t 5 r «z?«»ttie-&B8«*K Pa 

rkin b <fc 9 "Oscillations in Exchange Coupling and 
Magnetoresi stance in Metallic Superlattice Struct 
ures : Co/Ru. Co/Cr and Fe/Cr". Phy. Rev. Lett. . V 
ol. 64, p. 2034 (1990) bftXl TOIfl^ 

(4, Co. Fe. N i SOThb©^, tfljt 
liNi-Fe, Ni-CoMFe-Coi^WJIl 

(Ru) , ^nA (Cr) , 
vi?VJ* (Rh) . -fUv^A (I r) , S (Cu) , 

ibi\ tot, #3a«£ttX^— ^«roff$^2o<D3Sfi£ 
tbwilffi ^— »tKt#i- S , SUM* 

yuy • #4rf<o^K&m.WfK (GMR) E»^y K«r*3 

^^i^^Sl^Wi-^^ixSo 
fv/^u^iticov^-cit, Mxli'I BMW^B^fF® 
5 4 0 8 3 7 7 ^-RXfm 5 4 6 5 1 8 5 ^-C^-« hiXX 
V^So *B«fff*5 4 6 5 1 8 5-^(4. ^< WTfJBS^^ 

[0009] 112, 1 4f4, ^-ix-pKa**— p« ^ h 
fitMr l t 1 SU t Mr 2 t 2 ^*-rSo (»9SS«M r tt, 

©f^-^yhtfe?), ) rwAFJg-g-ffiiticjoi^ 
T, K«-t"S^ 12.14 <DW.%*: — * Vh22, 24 
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MMLX. S^110©«^-yy|^i5r(g;i«. ^ 
EP2 2, 2 4i4, AF^Ml 6 £r;f|-LT, SlWCiHg 

4g/»sffffi-r5i§-g\ 3S^ttKS 1 4 rtro^n^w^EroBS 
^iXfetDflMS^-^VHi, AFMl 6WR*fffliJ<73 

[ooio] fammmn* 4 zfRtmmmn 12,1 

r,t,-Mr 2 t 2 tCJ:t>-^*.e>n«. Sfigftmsey-c 

mii2o«ii2 > 1 4 t bTI^)— «53aWtt*ti|s|-S:{fe 
fflU t ,£ t,± «3 <b*# < t5r fcUii. 19 . j£v>(42 

So 

[0011] ^j&wn, tmrntfttow—fg t isX&tft 

it^wpniasriHiie-f-s,, mi<DM&m*m\ 2 
ttRi 4wii*D[4, bsi 2roffSxuq»^«?v^-i"nt(B 

[0 0 12] <7?attS tJttS5LT, 1S-g-«it<75*# 

-C. tix.lgl2, i4©I^-yyF^ffftJj 
&gc5£tt'<7 7<-*K u Vf4, K ul V!<K u V< (K ul 

v^k^v,) izx yJ3-z_bti%o ;rt*K ul v,sy 

K^V^, ^tl^JUg 1 2. 1 4rt<7)ft^6<]^©T-W 

k u1 v,+k u2 v 2 <7?±pi(4, mi 2&u=i 4rtroatca 



0) Vtt. Bll 2SLK1 4 ft £ix 

M4, Jgli 2, 1 4 wlH*^^— v Ycn^xb) 

[0 0 13] BS^S^^IE^*fcf4#ji*n5*«Wtc 

( + ) S.LK-^-i'^^ (-) IE#I4, I^f>4C5«S 
S-*i-„ AF^WOfI±l 0 nm<7)«Wtm$ 
Hfc7K¥^* (H.) 0 3frl3V^TX*[p]ro, -f/,C 

5. 2o©I12, 14©ii^-^y|>Mf $tt, 
f(/l:AFg^lWMr trolt^f«s, 0 3K:*$*i 
5o JfctSWfc«>t;i. I3 3f4£fc, IfiWMr t Sr#i"-5 

*s (sd mftft<Dm&frb£.zz>fr¥-Mi%cD*7"/i> 

£H?&^-r 0 rr-e/fSM (t^tj) (4, AFg-g- 
-Kfc5J:5K»&£it5. AFig^fflEfl£rt<&3ft8H48- 

nco&si-omzte. 2. 7 5. «o-c, 

feSo y ^ > h 7 y ^ ©*¥Si7*n 7 r ^ /Hi, 

m&^m\z-r^ 0 msxn^^nx^^^K nwife 

W*#£,&LW§-f4, IWWYfil (Bl3#flgU 
*J-entr«'>-f5 0 d^-C/h$*K«»l4a*LV\ 4 

[0 0 14] #S893»43&B&t£IBI£ Lt. Vt$i<DC o P t 

C r B m\*-x±m£thtz a -tro-J-V 

y^«i@AS|2l4^$tl5o rro*5tJ4. ^Jfew^^y 

^-rs^i4, =->-7-^-y>- (n i p) ^sis«^*-f- 

5AlMgf-{7^ • ^7y^©i*ll:#fJti5C 

fco 3tattKt4C oPtCrB T?fe 5,01 <7?^ 1 2 tC 
*f(£:-rSTI$B^ ( 1 2 n m) 14, il©Hl4 
SJSffi^ttttlM (7nm) £<9t>mi<\ ^SMHt^^— 
-y-^i4 > 0. 6nmWRug-C*5„ *S«E^P«I, 

(4, «»rt£ilg-&BI«lw*3tt*J&l (OR54HBH4tr-^»=* 
^•f"5 4 0\zm&.£tl1to Z<DMX\L #CoPtCr 
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5 nm«3Co*»b»J*Sn5»ffil«Sr*tf. ZtlbCDM 
HColfitt, aittK tRuHHroUffi^-^^F* 

R3*«ttSE»i|g-&H:. CoPtCr B3£B£t£il 
C9^Co#BB8l«r«*atfri:«<. ABESftfc. 
[0 0 1 5 ] 115(1. 04<Olf jg»C*3V>T, T= 3 5 0 

'.K-rffiijjfeSi-ifc^fc^y • ^— (mm) st>* 

t, Mrt=0. 2 1, ffl»MH t = 3. 2kO 
e,SVS'=0. 9 2 Sr/Tt. Z IT'S' l4H cr tC*3lt 

— (DC o P t C r B-^&WlHlfil^Jt&SSaxfc 1 5 n m<7) 
1WH4, ^?fi(w*3l^TMr t =0. 38, H cr =2. 4 
kOe, MS'=0. 7 6W#tt4r^-f-5o lot, 
A F IS^lftlJSttf wic# $ I: ± t) , ®«> 

[0 0 16] fticElscD^txf U • yu~7 p £r#HB 

Sr^-To PPAP^t*IE*T&li-*iia$ix5 (^EP3 0, 3 
2) „ *#&Ett!jnBfr!§ O3 0 0 0 Oe) T-(4, 
att^i±^flS$tl-C, 2o<7??t®Ett^a^-^ > 
KiW^t hmmm\z¥-frT-3bZ> (^4 2, 4 
4) „ MmS/iMSTi-S t (£E$3 4) , 4.9?g^Ig 

^152, 5 4) , TE^<Dm%^e—^^bm&T-r^>o z 
esL-c, &$miz£ vmv&bHzm&m (h m2 = 

2 0 0 0 O e) (Cio^-C^g^S, H e!!2 <7?fi:iiH ei2 
= J el /M 2 t 2 -Cfc'9, nt-JJiRu^-- y-g£ 

« 5 Jgg|53£B£ttlSi SrStei" 5 fc * B* S ix ■£ fiHK* 4§ 
(H c2 ) &«;t5r£*SB3fci*ft5. r^TH c2 (i, H 
SB&ttttflK £ <73 &Mfe£4HB ifi L ft V * £ <S5ti- 5 
fc, lMcoW^lfi,5 0 {tot, j£«fi0t, afeW- 

[ooi 7] JE»»rt-cwttfp««z5«e^ttitt, 
isifcWTftiHaasflittiiiwa**-^ ^ h c^pp 5 2) 



3 6) TM4, XBeBaUBftffltwa^-^^h^seL 
ttJ»»w»9II$4x5S-C (£BP6 2, 6 4) , tt&Rttll 
^(4. AFg^lroMAi^SL, H c =H ell + 

THSl5»att)l|fiO««^#-c*>5 0 tot, Hg|53Ss8SE 

©J«#«ii*«»£JlT»=ilil*i-5 J: 0 l-Rtf ^ixftfttt 
f4*ftfeftv\, rco^J-cil, l oco^e^fi (£jl=P5 2, 
5 4) tf>b&W?g©:Rf§ (^PP7 2, 7 4) ^SftJS 
2o«Wg*->yh (^fP6 2, 6 4) jjssp 

[0 0 1 8] t^5l5<D7K¥iE®-^^ KSrfflv^T, AFg^ 

*, lmmSfc9 9 5 008S^k ( f c /mm) 

3 1. 9 d Bco^&SoNR^WJLfCo i:t 
SoliiBiSl^/W^Sti-Cfo 9, Ni4 9500fc /mm 

[0 0 19] AFjg-&«ft:|4Sfc, KM* 

fcl4M#JlwC o#SWSr*-r5, *VM4C o C r ^ffijf 
Sr*i-5, SVC o C r P t T a *r*-S«3t 

[0020] £i:(i6i:L.-C, *«iroif*tHUt«T 

[0 0 2 1 ] (1) glgt, ^tR±trfooT, ifiroSS 
«f4^ t , m 1 co^ttBlifiO^^tt^.^— iMBtfc , 

(2) ^2co^mt±m±<Dm2(D0mm^^—^m. 
nwmmm#9i 2 <n*^—y-im&irr vxm 2 rostatt^ 

£R&tttttt»w2fc««g-&iicn5» tfflE (1) lEttcom^ 

(3) »l«?»«iffiBI*«»* t lXWK^tMl 

fR 2 cr>3Smf±ffll!45ff $ t 2 &t«BtftM 2 Sr^r U, Il& 

tu-e*x (M 1 X t 1 ) SO 1 (M 2 X t 2 ) ^rsft 
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tm (i) SB*<oa«fE««tfr. 
ti. t uot 2tf&m&)\zm-<DW.£-c#>z. mm 

(3) iE^ffiSHStttfitt. 

(6) V-mfc^-V-l* (Ru) . (C 
r) . nv^A (Rh) , -fyv>^A (Ir),S (C 
u) , ^t/^r^^ro-g-^Sr^-tp^-^^il^^ti-S 
»m*»6»l*SftS, WIS (1) fS«cWBS^I5®:^{*: 0 

(7) fl ,&t>*S? 2 C03i^Ett^ s C o , F e . N i , R 

IE (1) ti.*L<r>mX.1SMi6t#. 

(8) m i rattmsK**, iiwwii^^-ti 

£tr. SfrfS (1) IE*w^lE®fflE*o 

(9) S2©3fifttli4\ I 2»Mtt)gt^'<-ti 

^tP, (1) Ktt<Btt«(3E»g£fr. 

(10) SS-tl-fcoT, S«tm^fB^iwWi3BS 
«$;Jx5»l&^ir, SiJfH ( 1 ) iEScWSmfEfl^fo, 

(ID MGMi^A^iiSftl*- '<=« — h£ 
*tf. Stria (i) iE«cco^MfEii^o 
(i 2) mm±.<nmmt, n±i;fcot, is 

1 C03/<yl^ \>&&%&m&mt, >V7-=.^l* (Ru) , ? 

(Cr) , o-^i)A (Rh) , (I 
r),l(Cu), S^nfjW^Sr-^tf^yU— 7fr 

±.\z*ti t SMLTM £ 4x5 % 2 a / </u h 
(13) ©SHKffiK**, ❖ ^JJMftRotM'-Sr^triS 



£*u-5, ffllE (12) BBttroaaHEfi^-r 

(14) *203S«ttJ8S±^-tn4:»«L-C«j«$n« 

5 co 5 > WIS (12) IE^co^lS®-r * 

(15) ^1 e>»ttttflK*W£ t 1 SWtM 1 

U ^2co5fi^t4^5J5^ t 2XO!«{tM2 SrWU * 

h Zix^iv (M 1 X t 1 ) RXI (M 2 X t 2 ) 
WIE (12) Eii(Z5«*IE«^-f 

(is) gi R(j«2roaittii!iBi-©*m*>e)f * 

t 1 *J t 2 tUftS. SfFfE (1 5) fE*tC9Bm!E 

d7) mi&v%s2<o&mfflgtfmftzttWfr<bMi8. 

t isu<t 2^mwtfy\zm— coffs-efcs, Mia 
(is) iaifewfiS^fE^^^^o 

(18) *iro»BH4ffl|#, SU<0BHffl4«i: 

Sr-a-tr. ffrlE (15) fSttcO^fEfix-i' * 

(19) »2©»«ffiBI*S < MS 2 t^^— y- 

Sr^tr, SufE (15) E«<7>«51IE«^;**. 
[01] #38Wfcf£v*ffi»af*rt^R»«tt« (AF) 
[El 2 ] E<ft««;»«H=J3»t5»WH4««)»fil^— > V 

[Ei3] AFg^iawi (sl) m#±<nm.m<Dm- 
[04] mm, re, AFte-&srtco^, 

So 

[E15] H4K>AFHS-&JiSr*-r5fll3troBSlRt^9 i y 

•>^. • )v— 7&?j<i-mx&>z> 0 

i2, i4 &m&m 
1 6 im&ftk^—y-m 

2 2. 2 4 K^-^ V h 



[1121 



(7) 



#P 2 0 0 1 - 1 4 8 1 10 




T> ii 37^*1195132, # y 7*;U^T>)M 
^> • /if, if ■ CryX • ^ 
3970. 1319 
(72)3§PJ|# ill ■ 3i K!7— K • 77- 

r / y ^/^*H95037 > # y 7*;\s~t)M 

17212 



(72) 



(72) i 



(72) 



r / y #^*S949oi, # y 7^/^rw 
U-v • 7 7>f-/K t-^^yh-r^ 

ix— 85 

/n/U . — t'^ • a — if V 

r^y ^7^*S95032, # y ^yu^rw 

17131 

t * y ^7^*iS95i3K # y 

■frV • / if, ^ K— ■ 3- h 1508 



